Objectives-Outdoor air pollution has consistently been shown to predict mortality. The finding that this association is stronger in infants than in children or adults raises the question whether air pollution could also be related to pregnancy outcomes-such as birthweight and stillbirth. The association between outdoor air pollution and stillbirths and low birthweight in the Czech Republic, where air pollution was high, was examined. Methods-An ecological study was conducted, with routinely collected data on stillbirths and low birthweight (<2500 g), air pollution (total suspended particulates, sulphur dioxide (SO 2 ), and nitrogen oxides (NO x )), and socioeconomic factors (mean income, car ownership, divorce rate, etc). The analyses were restricted to 45 districts on which data on air pollution were available for the period 1986-8. The eVects of exposure variables on frequency of pregnancy outcomes were estimated by logistic regression with district-years as the units of analysis. Results-Stillbirth rate (4.2/1000 births in monitored districts) was not significantly associated with any indicator of air pollution, and was weakly related to mean income and proportion of births outside marriage. Crude prevalence of low birthweight (prevalence 5.5%) showed highly significant associations with several socioeconomic factors; after controlling for these, odds ratios (ORs) / 50 µg/m 3 increase in pollutant were: 1.04 (95% confidence interval (95% CI) 0.96 to 1.12) for total suspended particles, 1.10 (1.02 to 1.17) for SO 2 , and 1.07 (0.98 to 1.16) for NO x . When all pollutants were included in one model, SO 2 remained related to low birthweight (OR 1.10 (1.01 to 1.20), p=0.033). Conclusion-These results are consistent with a recent study in China where birthweight was also associated with total suspended particles and SO 2 but ecological studies must be interpreted cautiously. Residual confounding by socioeconomic factors cannot be ruled out. The association between air pollution and birthweight requires further investigation. (Occup Environ Med 1999;56:539-543) 
Ambient air pollution has been repeatedly shown to be strongly associated with mortality in both time series [1] [2] [3] and cross sectional studies, [4] [5] [6] with particulates being most consistently linked with adverse health eVects. 7 The finding of strong eVects of air pollution in infancy [6] [7] [8] raises the question whether pollution could also influence birthweight or other pregnancy outcomes.
Although such eVects have been suspected, 9 only a few published reports have examined this issue. A British study did not find an increased prevalence of low birthweight near a source of air pollution. 10 By contrast, a recent study in Beijing, China, found that concentrations of particulates and sulphur dioxide (SO 2 ) during the third trimester of pregnancy were associated with birthweight, after controlling for season and individually measured covariates. 11 Most recently, a careful comparison of two Czech districts found that exposure to high levels of air pollution in the first trimester of pregnancy were related to higher risk of low birthweight.
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There are two main problems with accepting these associations as potentially causal. Firstly, it is not known how consistent is the association between air pollution and birthweight across diVerent populations and datasets. Secondly, the biological mechanisms for such an association are not clear. In this report, we have considered the first issue. We have previously used data on air pollution and births collected routinely in districts of the Czech Republic in 1986-8 to study infant mortality. 6 Prompted by the recent reports about birthweight, we have reanalysed these data to examine the possible association between air pollution and two pregnancy outcomes: low birthweight and stillbirths.
Methods
This ecological study analysed data from 45 of the 85 administrative districts of the Czech Republic where air pollution was monitored by the National Public Health Service 1986-8. 6 Most districts had at least three monitoring stations, most of them were in the principle towns of the districts. The monitoring stations provided daily averages of total suspended particulates, sulphur dioxide (SO 2 ), and the sum of oxides of nitrogen (NO x ). Uniform methods of measurement were used in all districts: total suspended particles were measured by the gravimetric method, and SO 2 and NO x by spectrophotometry. In the period covered by this study, public health services in the Czech Republic were strictly centralised. All public health centres were equipped with the same technology, and analytical methods were specified by national guidelines. Also, national and regional authorities often conducted inspections in districts to insure that standard methods were used.
It has been estimated that particles with a diameter <10 µm (PM 10 ) constitute about 80% of the total suspended particles measured in the Czech Republic (Kotlik, Czech National Institute of Public Health, personal communication). For the study period, data were available only in the form of annual arithmetic or geometric means of all daily readings in all stations in a given district in each year. Annual geometric means were used as the independent variable in the present analyses. The number of monitored districts increased during the study period (37 in 1986, 39 in 1987, and 45 in 1988), resulting in 121 units for analysis with data on all three pollutants.
Data on pregnancy outcomes were taken from routine registration of births published (in printed form) by the Czech Statistical OYce. Registration of births is required by law in the Czech Republic. The registration form, which includes information on birthweight and stillbirths, was completed by the physician attending the delivery, and sent to the Czech Statistical OYce. The Czech Statistical OYce then published data aggregated by district. Low birthweight was defined as birthweight <2500 g, and stillbirth was defined as the birth of a dead infant weighing >1000 g or of >28 weeks of gestation. Although the birth registration data have not been formally validated, they are considered to be complete and accurate.
For each district, the annual prevalence of low birthweight and stillbirths was calculated. The association between air pollution and frequency of pregnancy outcomes was estimated in logistic regression on grouped data with the STATA statistical package. 12 The unit of analysis was the annual experience of each district. The eVects of air pollutants were analysed in three stages. Firstly, crude eVects were estimated by including each pollutant separately in the model. Secondly, each pollutant was adjusted for several socioeconomic characteristics of the districts obtained from the Czech Statistical OYce; these factors were mean income, mean savings, mean number of people / car, proportions of births outside marriage, proportion of divorces to new marriages, legally induced abortions / 100 live births, and proportion of gypsies in the population. Finally, all three pollutants were included in one model with socioeconomic factors (see fully adjusted models in tables 2 and 3). The eVects are expressed as odds ratios (ORs) associated with an increase in pollutant concentration of 50 µg/m 3 . For the socioeconomic variables, ORs are given for the change between 25th and 75th percentile, because ) is also given.
Results
There were almost 400 000 births in the Czech Republic in 1986-8, 223 929 of them in monitored districts; of these, 971 were stillbirths. The prevalence of low birthweight in the whole country and in monitored districts was 5.5% and 5.9%, respectively; stillbirth rates were 4.18 and 4.23 / 1000 total births, respectively ( , respectively. DiVerences in exposure among districts were relatively large, particularly for SO 2 and NO x . Apart from higher proportion of births outside marriage, the socioeconomic profile of monitored districts was similar to that in the whole country. Figures 1 and 2 show the spatial distribution of annual means of SO 2 and the prevalence of low birthweight in the districts included in the analyses (where data on pollution were available). Although the overlap is not perfect, both pollution and prevalence of low birthweight were higher in the north western districts.
Statistically, the prevalence of low birthweight was positively associated with concentrations of two air pollutants in crude analyses ( Table 3 shows the eVects of air pollution on stillbirths. None of the pollutants showed a significant association with the prevalence of stillbirths. Among the socioeconomic factors, only mean savings and proportion of births outside marriage showed marginally significant relations. The overall proportion of geographical variation explained by the full model was <5%.
Discussion
In this ecological study, stillbirths were not significantly related to air pollution and only marginally significantly to mean savings and birth outside marriage. Prevalence of low birthweight, on the other hand, was positively associated with SO 2 , and was strongly related to socioeconomic characteristics of the districts.
This study covers the years 1986-8 when the Czech Republic had some of the highest levels of air pollution in Europe. 13 Two thirds of the monitored districts recorded annual mean concentrations of suspended particulate matter above the World Health Organisation guidelines. 14 High levels of air pollution and large geographical variation in concentrations in the Czech Republic at that time increase the power of a study to show the eVects of air pollution on health. The selection of the 45 monitored districts may restrict somewhat the ability of these findings to be generalised for the whole country but should not aVect the internal validity of the study.
Apart from the well known limitations of ecological studies, 15 several other limitations of these analyses need to be considered. The units of analysis in this study were not independent; depending on the number of years for which pollution data were available, each district was included up to three times in the dataset. This could lead to serial autocorrelation. Moreover, neighbouring districts may be more similar to each other for both pollution and birth outcomes, which would suggest spatial autocorrelation. 16 We have not conducted formal tests for autocorrelation. However, although autocorrelation would lead to underestimation of random error (and thus the widths of the 95% CIs), it does not aVect the point estimates of the ORs.
Although autocorrelation would tend to overestimate the significance of the ORs, random misclassification of exposure would have the opposite eVects. 17 The use of district means misclassified the exposures of individual people for several reasons. Firstly, it reduced the spatial variation in exposure within districts to an overall mean. Secondly, it flattened the seasonal variation. And thirdly, annual data lead to assigning incorrect exposure to births which occurred at the beginning of each year. For example, a women giving birth in January would be assigned concentrations of pollution which prevailed after the birth. All these types of misclassification are most likely to be random, and would lead to underestimation of the eVects of air pollution. In our view, exposure misclassification in this study biased the eVects of air pollution towards unity.
Misclassification of socioeconomic factors, important potential confounders, may be a potential problem, although many diVerent indicators were used to remove their eVects. The indicators used in this study characterise diVerent aspects of the socioeconomic environment. Divorce rate, abortions, and births outside marriage are related to traditional values and social stability. Mean savings (there was only one state owned bank before 1990), mean income (all companies were owned by the state, and the state paid all salaries), and car ownership, on the other hand, reflect the economic conditions.
In bivariate correlations, air pollution was related to most socioeconomic characteristics. Socioeconomic factors are strongly associated with low birthweight, and including socioeconomic characteristics in the model roughly halved the eVects of SO 2 on risk of low birthweight. If socioeconomic factors were misclassified, their eVects would be underestimated, and this could result in residual confounding. 18 As well as regression modelling, we have used an alternative way to assess this possibility. Infant mortality from external causes, known to be strongly related to socioeconomic status, was regressed against air pollution. The fact that no association was found (not shown) does not support the existence of residual confounding by socioeconomic factors. Similarly, in the presented analyses, the eVects of SO 2 were only found for low birthweight but not for stillbirth, although stillbirth has also been linked to socioeconomic status in some 19 20 (but not all 21 ) populations. Socioeconomic factors most likely capture the well known eVects of maternal smoking on birthweight 22 ; it is unlikely that maternal smoking is associated with air pollution independently from socioeconomic status. However, there may be other, unmeasured, characteristics of the districts, and our findings must be interpreted cautiously and require independent confirmation.
Smith and Lee suggested that some eVects of air pollution on pregnancy outcome would be intuitively expected, perhaps mediated by more respiratory morbidity during pregnancy. 9 Surprisingly few published studies considered this question. A British study comparing the population living around a point source of air pollution with a control population did not find any increase in prevalence of low birthweight in the polluted area. 10 The Chinese study, with individual data on confounders and place of residence to assign exposure, found a linear association between air pollution and low birthweight; with ORs of 1.11 (95% 1.06 to 1.16) and 1.10 (95%CI 1.05 to 1.14) / 100 µg/m 3 of total suspended particles and SO 2 , respectively. Our results, expressed / 100 µg/m 3 , were 1.08 and 1.21, respectively, after controlling for socioeconomic factors. For SO 2 , the eVects found in our data are much stronger.
The recent results of the Czech and United States Environmental Protection Agency research project, which collected individual data on mothers and babies in two areas of the Czech Republic, suggested that women exposed to high concentrations of particulates (>50 µg/m 3 ), compared with those exposed to low concentrations (<40 µg/m 3 ) during the first trimester, had a greater risk of giving birth to a baby with birthweight below the 10th percentile of birthweight for gestational age and sex (OR 2.64, 95% CI 1.48 to 4.71. 11A In their study, the critical exposure period seemed to be the first month of pregnancy. As socioeconomic factors (and maternal smoking) were carefully controlled for, these results do not seem to be due to confounding.
Interpretation of epidemiological studies reporting an association between air pollution and birthweight needs caution. Although a range of social and behavioural determinants of birthweight or preterm birth have been identified, the biological mechanisms leading to prematurity are not well understood, 23 and it is not clear which mechanisms could provide the link between air pollution and birthweight. Infection in pregnancy is a predictor of premature births, 24 and it could be speculated that repeated infections, possibly related to pollution, might play a part. Increased blood viscos-ity, found during air pollution episodes, 25 may be related to impaired placental function. 26 Increased concentrations of DNA adducts have been found in blood 27 28 and placentas 29 of subjects living in polluted areas, and were also found to be related to birthweight. 30 Although elucidating the biological pathways is important, the association needs to be well established first. Replication of the findings in diVerent populations and datasets is a part of this process. The association has now been found in three independent datasets but this hypothesis requires further testing, and existing data from other populations can do this. If these findings are confirmed, they would provide an important contribution to the debate on reducing the exposures to air pollution world wide.
